Background Voluntary counseling and testing (VCT) is an important prevention initiative in reducing HIV/AIDS transmission. Despite current global prevention efforts, many low-and middle-income countries continue reporting low VCT levels. Little is known about the association of within-and between-country socioeconomic inequalities and VCT. Based on the 'inverse equity hypothesis,' this study examines the degree to which low socioeconomic groups in developing countries are disadvantaged in VCT.
Introduction
In 2007, the Joint United Nations Program on HIV/AIDS (UNAIDS) 1 and the World Health Organization (WHO) estimated that 33 million people were living with HIV/ AIDS worldwide. UNAIDS statistics attest to the global inequalities in the distribution of HIV/AIDS as residents of low-and middle-income countries represent 90% of all people living with the virus. 2 A cornerstone of current global efforts to prevent the spread of HIV/AIDS and to improve the health of those already infected is voluntary counseling and testing (VCT). VCT is defined as voluntary pre-and post-test counseling and voluntary HIV/AIDS testing. 3 VCT aims to enhance a client's knowledge about HIV/AIDS while also informing clients of their serostatus.
of a seropositive result. 3 While extensive guidelines exist for service providers, the duration and quality of counseling could vary between VCT sites. This method has also been shown to have several positive effects on risk behaviors as VCT clients have reported notably higher rates of condom use than individuals who have only received health information without testing. 5 VCT was also found to have decreased the number of sexual partners in more than 80% of clients, 6 although in another study this relationship only held for seropositive individuals. 7 VCT can also provide a gateway for a variety of care and treatment options including access to antiretroviral therapy. 8 Despite the importance of VCT no study to date has assessed the level of testing globally and whether there are within-and between-country socioeconomic inequalities in access. Victora et al. 9 proposed in their 'inverse equity hypothesis' that public health interventions and programs would first reach those of higher socioeconomic status and only diffuse down to lower socioeconomic groups after high socioeconomic groups have reached a certain level of coverage. In terms of VCT, the 'inverse equity hypothesis' would suggest within countries that lower socioeconomic groups would less likely access VCT and between countries that inequalities would tend to be lower in more economically developed countries. The latter postulate would hold since more economically developed countries may likely have higher levels of overall public health coverage. The following study assesses global and national VCT rates and whether socioeconomic inequalities exist both within and between countries.
Barriers to VCT
Past research has identified several individual-and countrylevel variables that influence VCT access. Direct comparability between individual studies is often problematic since they not only occur in different national contexts but may not include similar measures or adjust for the same variables. However, previous research on VCT supports some general findings on the role of individual-and country-level factors.
Studies of socioeconomic status (SES) and VCT have shown a consistent relationship between income and access to testing. The costs of the actual VCT and transportation to and from the testing site may hinder low-income individuals from being tested. 10 Moreover, higher income individuals consistently report superior access to testing and health-care services in general. 11 -13 Findings on the association between education and VCT are mixed. Several studies suggest higher levels of education correspond with higher levels of testing. 5, 11, 14 Low-income individuals residing in resource-poor countries may face increased barriers and challenges to accessing health services, such as VCT. Health disparities between high-and low-income individuals residing in low GDP/c nations have been shown to exceed those disparities found between high-and low-income individuals in high-GDP/c countries. 15 These disparities have been explained as a failure of governmental programs in low GDP/c countries to reach those most in need. 16 In a study of 26 low GDP/c countries, public expenditure on social and health programs targeting the poorest income quintile was less than the expenditure on similar programs targeting the richest income quintile in 22 countries. 16 In terms of VCT, this study seeks to contribute to research examining socioeconomic disparities in access to health resources by analyzing if (i) there are disparities between high-and lowincome individuals in VCT within developing countries and (ii) potential disparities are greater in developing countries compared with developed countries where overall access to VCT is better.
Research objectives
Using data from 49 primarily low-and middle-income countries that administered the coverage module of the 2002 -2003 World Health Survey (WHS), this study examined income-related inequalities in VCT. WHS data are representative and cross-nationally comparable, thus providing a unique opportunity to examine individual-and national-level socioeconomic differences in VCT. This study assessed the degree to which individual socio-demographic factors were associated with whether someone participated in VCT. Second, given research that has shown low-income individuals in resource-poor countries to be at a disadvantage in accessing health system resources, we assessed whether a country 0 s level of economic development moderated the association between income and VCT.
Methods

WHS study design and population
The WHO administered the WHS in 70 low-, middle-, and high-income countries between 2002 and 2003. The WHS was designed to use standardized modules and instruments for collecting cross-nationally comparable data on health states and behavior, including indicators of household permanent income. 17 The WHO conducted rigorous psychometric testing for reliability, cross-cultural comparability, and multi-language translation and back-translation for quality assurance. 17 Items in these modules were taken from existing surveys such as the Demographic Health Survey or piloted by WHO working groups. 17 Participating countries were allowed to select, according to their own policy needs, any combination of the standardized modules. 17 The WHS coverage module containing questions about VCT was administered in 49 predominantly low-, and middle-income nations to 267 926 participants. Within countries, the WHS was designed to generate a nationally representative sample of non-institutionalized males and females over the age of 18 years. For the majority of countries, households were selected using a multi-stage random cluster sampling procedure within each country. Additional information about the WHS sample, survey methodology and interviewer training is available on the WHS website.
18
Voluntary counseling and testing
The Reproductive and Sexual Health Care section of the WHS was administered to all men and women of reproductive age (18 -49 years old). The section contained one question pertaining explicitly to whether the respondent 'voluntarily' requested VCT: 'I don't want to know the results, but in the last 12 months, have you been tested to see if you have HIV, the virus that causes AIDS?' 19 Women were excluded from this question if they reported having given birth in the past 2 years though the reason for this exclusion was not outlined in the WHS methodology.
Individual socio-demographic variables
Analyses examined six socio-demographic variables: gender, education, income, age, urbanicity and marital status. Respondents reported their education in years of formal schooling and highest level of educational attainment. These analyses used years of formal schooling. In cases where information on years of schooling was missing, the person was assigned a years of schooling value based on their educational attainment (n ¼ 8727). Household permanent income was provided by the WHO and was estimated for each respondent and country separately using the assetbased approach developed by Ferguson et al. 20 and divided into income quintiles. Income was kept in ordinal form, and country centered on the middle quintile. Age and education were kept in continuous form and centered on the country mean. WHS participants reported marital status as: (i) never married, (ii) currently married, (iii) cohabiting, (iv) separated, (v) divorced or (vi) widowed. Interviewers recorded if the interview occurred in (i) urban, (ii) rural or (iii) peri-urban settings. 19 In our final study sample, no one was recorded as residing in a peri-urban setting.
Country-level variables
Analyses examined three country-level variables: GDP/c in purchasing power parity, national health expenditure per capita and the national HIV/AIDS prevalence. Data on GDP/c and health expenditure per capita (HEXP/c) came from the World Bank's World Development Indicators database with the exception of Myanmar. 21 Myanmar GDP/c data came from Economy Watch.
22 GDP/c data are based on 2002 purchasing power parity values constant on 2000 international dollars. Previous analyses have used a logarithmic transformation of GDP/c to provide better model fit. 23 This was confirmed as appropriate in fractional polynomial tests. HEXP/c data were based on 2002 values with the exception of the data from Tunisia, which came from the year 2001. National HIV/AIDS prevalence was based on the average HIV/AIDS prevalence over the period [2001] [2002] [2003] . HIV/AIDS prevalence data came from the World Development Indicators with the exception of Mauritius, which came from Nationmaster, 24 and the United Arab Emirates, which was based on a 1999 estimate from the CIAWorld Factbook. 25 
Statistical analyses
A series of multilevel logistic regression analyses were used to examine the individual probability of having VCT in the past year. Multilevel logistic regression procedures allowed examination of the association between VCT and both individual-and country-level variables, while accounting for the clustering of observations within countries. First, the variance between countries in VCT was estimated and reported as the intraclass correlation coefficient (ICC). 26 The ICC represents the proportion of the total variation in VCT between countries. Second, a random intercepts model that included only individual socio-demographic variables was used to examine the association among VCT, age, gender, income, education and marital status (Model 1). Third, the association between income and VCT was allowed to vary across countries using a random slopes model (Model 2). Fourth, using the random slopes model, the association between GDP/c, HEXP/c, national HIV/ AIDS prevalence and VCT was examined (Model 3). Finally, to assess whether GDP/c moderated the association between individual income and VCT, the product term of income and GDP/c was added to the previous model (Model 4). 26, 27 Stata v. 10 was used in the analyses.
Results
Of the 267 926 participants who were administered the Reproductive and Sexual Health Care section, 110 638 Figure 1 shows the magnitude of the relative effect between income and the likelihood of VCT within the past 12 months. Within the higher GDP/c countries, the lowest income quintile had a probability of 0.049 and the highest income quintile had a probability of 0.067 of having VCT. Within lower GDP/c countries, the lowest income quintile had a probability of 0.011 and the highest quintile had a probability of 0.026 of VCT. As the household income quintile increased, the probability of VCT also increased; the probability of VCT was greater for all quintiles in countries with higher GDP/c. In terms of relative differences between high-and low-income quintiles, individuals in high-income households in high-GDP/c countries were 1.37 times more likely than individuals in low-income households to have been tested-an absolute difference of 0.018. In low GDP/c countries, individuals in high-income households were 2.36 times more likely than low-income households to have been tested. This corresponded to an absolute difference of 0.015.
Discussion Main findings of this study
This study provides new insight into the relationship between VCT and individual socio-demographic factors. Our findings were congruent with previous research suggesting that individuals with higher household incomes were more likely to have had VCT. 11 -13 Higher household income provides individuals with increased access to health GDP per capita measured in purchasing power parity (PPP).
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care, enables clients to afford the cost of testing and increases the clients' ability to transport themselves to and from testing sites. 10 This study also found that individuals with more years of formal schooling were more likely to have had VCT than those with less years of education. Prior findings on the effects of education on testing have been mixed. 11, 14, 28 Previous research on education and testing has not consistently co-adjusted for income, making an accurate assessment of the effects of education on testing difficult to ascertain. Education is distinct from household income in that school-based safe-sex campaigns and greater knowledge about HIV/AIDS increases with more schooling. 29 Findings from this study support previous research suggesting a negative relationship between age and VCT: younger individuals are more likely to be tested. 10, 30 A potential explanation for this finding could be that many prevention campaigns are targeted towards adolescents in the form of in-school safe-sex initiatives and mass media campaigns. 31 These findings suggest a need for greater focus on VCT among older adults. The relationship found between urbanicity and VCT also supports previous research showing that urban dwellers are significantly more likely than rural dwellers to have had VCT. 32, 33 Although the WHO has advocated for an increase in rural VCT sites, including potential use of mobile testing centers, there are many barriers to increasing the number of testing sites in rural resource-poor areas including lack of human and physical resources. 32, 33 The present results are inconsistent with previous research on marital status and VCT. In contrast to the literature, never-married status in this study did not result in higher levels of VCT. In fact, never-married individuals were less likely to be tested compared with all marital status categories. Perhaps nevermarried respondents can more readily negotiate condom use; whereas, within marriages the suggestion of using a condom can raise questions of infidelity and cause conflict. 34 More research needs to be conducted in this area in order to accurately inform prevention campaigns of a key target population.
This study also found significant relationships between VCT and country-level variables. Individuals residing in countries with relatively higher GDP/c from this study were more likely to have had VCT than those who resided in countries with lower GDP/c levels. Furthermore, the study showed that the relative differences of testing rates between those in higher income quintiles and those in lower quintiles are greater in countries with lower GDP/c. This finding supports previous research showing disparities in government expenditures in low GDP/c countries. 16 In many resource-poor countries, public spending disproportionately benefits those in the highest income quintiles. 16 In terms of the 'inverse equity hypothesis,' the finding would also lend support to the idea that inequalities in coverage tend to decline when higher SES groups have reached a certain level of coverage. 9 For countries with higher GDP/c, relative differences may not be as great since a certain level of VCT access is available to the entire population.
What is already known?
VCT is a cornerstone of current HIV/AIDS prevention efforts as it has consistently shown positive effects risk reduction and HIV/AIDS understanding. 4 -8 Within particular countries, research has found income-related inequalities in VCT, with higher income individuals accessing VCT more readily. 10 No research has been conducted between countries to examine global socioeconomic inequalities in VCT as no internationally comparable, nationally representative data has been available until now.
What this study adds
Our study brings to light the relationship between VCT and within-and between-country socioeconomic inequalities. Until now, no such study has confirmed this association on an international scale. Relative socioeconomic inequalities in VCT exist in both low GDP/C and high-GDP/c nations. These inequalities are greater, however, among the lower GDP/c countries included in our study. To reduce disparities in VCT access, programs might better target low-income individuals in low GDP/c countries. Our study would nevertheless suggest the increased need for targeted programs both within lower and higher GDP/c countries to help reduce relative differences in VCT testing.
Limitations of this study
There are several limitations to consider. HIV/AIDS can be a sensitive topic, discouraging individuals from being honest about prior testing. The WHO attempts to address this stigma by prefacing the question with, 'I don't want to know the result'. The lower response of men to this question may have reflected the sensitive nature of the question, particularly in certain countries, or its location in the reproductive and sexual health module of the WHS. The applicability of findings to male populations may thus be limited. Second, the study is limited to individuals between 18 and 49 years old and therefore provides no information about VCT among adolescents or older adults. Women who had given birth in the last 2 years were also ineligible for this specific question. Finally, the data came from 2002 to 2003. The HIV/AIDS pandemic is ever changing, but service providers must be made aware of these important relationships between VCT and socio-demographic characteristics.
Conclusions
Given the positive effect of VCT on risk behaviors and access to care, the removal of the national and individual barriers to testing is an important step in improving the rates and levels of testing globally. International programs and policies targeting the HIV/AIDS pandemic in low GDP/c countries might consider better targeting programs to low-income individuals to help reduce social and economic barriers associated with testing.
